Despite wishes for and benefits of home deaths, a discrepancy between preferred and actual location of death persists. Provision of home care may be an effective policy response to support home deaths. Using the population-based mortality follow-back study conducted in Nova Scotia, we investigated the associations between home death and formal care at home and between home death and the type of formal care at home. We found (1) the use of formal care at home at the end of life was associated with home death and (2) the use of formal home support services at home was associated with home death among those whose symptoms were well managed.
Introduction
Identifying mechanisms to support home deaths is an important policy consideration in aging society. The majority of the dying voice a preference for home deaths, and home deaths are associated with better caregiver bereavement outcomes compared to hospital deaths. [1] [2] [3] [4] In addition, home deaths are shown to reduce the cost of dying. [1] [2] [3] [4] Yet, there is a persistent discrepancy between preferred and actual location of death. [1] [2] [3] [4] For example, in Canada, the number of home deaths has increased to only 30% of all deaths in the past 20 years. [1] [2] [3] [4] Provision of home care may be an effective policy response to support home deaths. Care provided at home may be informal, provided by family members and friends, or formal, provided by contracted professionals outside of family and friends. Formal care at home at the end of life may be of particular interest to policy makers. Studies show that persons receiving formal care at home are more likely to die at home, [5] [6] [7] with either fewer 5 or no difference in the number of emergency department visits in the end-of-life period. 6 The home deaths are associated with better caregiver bereavement outcomes. 8 The few studies examining formal care provided in the home at the end of life have focused on the active pain management and care provided by licensed health-care professionals. But formal care at home includes not only health-care services from health professionals (hereafter referred to as medical care) but also housekeeping, meal preparation, and assistance with activities of daily living provided by volunteers or agencies outside of friends and family (hereafter referred to as home support). Which types of formal care at home are associated with home deaths is vital information to inform policy; yet, this information is unavailable in the literature. Furthermore, the majority of research regarding end-of-life care focus on persons with terminal cancer, which accounts for only 30% of all deaths in Canada. It is uncertain whether results obtained from studies of patients with terminal cancer are generalizable to populations with a variety of causes of death.
Nova Scotia, one of the 10 provinces in Canada with a population of about 1 million, provides a unique opportunity to profile the utilization of formal care at home among the dying in a general population. Nova Scotia's population, one of the oldest in Canada (eg, the proportion of persons aged 65 or older is 16.1% in Canada 8 and 19.4% in Nova Scotia, 9 on par with Europe, 18.9%), 10 is well suited for a study of end-of-life care. Detailed information on the wishes and experiences of dying among Nova Scotians deceased in 2009 to 2011 is available from a mortality follow-back study that conducted posthumous interviews with their next of kin. 11 Moreover, in Canada, the financing and delivery of formal care at home vary across provinces and territories without a national standard, and each jurisdiction's experience can contribute to an ongoing debate as to what unified standard for formal care at home should be established. In Canada, provinces and territories are responsible for the delivery of health care, while the federal government contributes to the financing of health-care conditional upon provinces and territories satisfying criteria set out in the Canada Health Act. As a result, across Canada, physician and hospital services are 100% publicly financed with no cost to patients at the point of service. Because formal care at home is outside of the Canada Health Act, it is financed both publicly (through government tax revenue) and privately (through out-of-pocket payment or private insurance), and eligibility criteria for formal care services and cost for recipients vary across provinces and territories. For example, Nova Scotia spent 5.2% of its health-care budget on formal care in the home setting in 2012 (the national average in 2010 was 4%). 12 Nova Scotia government's Department of Health and Wellness operates formal care at home for residents of Nova Scotia through the need assessment using the Nova Scotia Residential Assessment Instrument-Home Care. 13 The medical care component of formal care at home is financed through public funds, and care recipients can choose either to receive medical care in the home through public sector employees or to receive monthly stipends and pay for formal care in the home from an agency that they hire. 14 The home support component, on the other hand, is financed through both public and private funds, with the financial contribution from the care recipients dependent on their household income and household size.
Taking advantage of the rich context and the unique opportunity provided by the population-based mortality follow-back study, 11 we investigated the associations between home death and formal care at home and between home death and the type of formal care at home in Nova Scotia.
Methods

Data
Data for this study came from the population-based mortality follow-back study conducted in Nova Scotia in 2010 to 2012, the first mortality follow-back study conducted in Canada.
11
.The study population was Nova Scotians who died between June 1, 2009, and May 31, 2011, and surrogate respondents were the next of kin listed in the death certificate (hereafter referred to as the informants). Excluded from the study population were decedents under the age of 18 as well as those with external causes of death, such as unintentional injury, motor vehicle accidents, intentional self-harm, assault, legal interventions, events of undetermined intent, medical or surgical complications, and known to be sudden deaths. These causes of death are unpredictable and therefore would not have had the opportunity for end-of-life care. Death certificates with missing contact information for the next of kin were also excluded, as the proxy could not be contacted. The majority of death information became available in Nova Scotia Vital Statistics 3 to 6 months following the date of death. The response rate for the mortality follow-back study is 25%, resulting in 1316 next-of-kin interviews. Challenges in the administration of this survey design at a population level are reported in a previous publication. 15 Trained research staff conducted the interviews with the next of kin by telephone, typically within 4 to 6 months after the death of his or her decedent. Interviews took between 30 and 45 minutes.
For this study, we excluded the decedents who did not spend at least 1 day at home during the last 30 days of life (n ¼ 694). To analyze an association between home death and formal care at home, we further excluded the decedents who died in transit or were missing pertinent data (n ¼ 662). To analyze an association between home death and the type of formal care at home, we further excluded the decedents who did not receive formal care at home or were missing pertinent data (n ¼ 518).
Variables
Home death (the dependent variable). We constructed a dichotomous variable, died at home or not, based on the question, ''Where did [DECEDENT'S] death take place?'' The decedents died at home if the informants answered to this question ''at home,'' including an assisted living arrangement. The decedent did not die at home if the informants answered ''in a hospital'' or ''nursing home or other long-term care facility.'' Care in the home variables (independent variables of main interest). We created 3 variables pertaining to care at home: use of informal care, use of formal care, and type of formal care. We constructed a dichotomous variable, received informal care or not, based on the question, ''While [DECEDENT] was at home, did family members or friends help with his/her care?'' We created another dichotomous variable, received formal care Bold indicates statistically significant differences at P < .05 by the use of formal care at home or by the type of formal care at home assessed by the w 2 test. Formal care includes the care provided by contracted professionals outside of family and friends. Medical care includes nursing care, palliative care, medication management, respiratory care, mental health care, social work, speech therapy, and physician home visits. Home support includes assistance with personal hygiene, housekeeping, and meal preparation. Four respondents missing information on the type of formal care received were excluded in the last 2 columns.
family doctor visit them in the home.'' The decedents had home support if the informants answered housekeeping, meals, or personal hygiene/grooming to the question, ''And what type of care was provided by the home care service (eg, nursing, housekeeping). Based on the use of medical care and home support, we then assigned each decedent to one of the following 3 categories of the type of formal care: medical care only, home support only, and medical care and home support. We used this information for descriptive analysis. For the analysis of the association between home death and the type of formal care at home, for a sample size consideration, we created a dichotomous variable, medical care only or home support with and without medical care.
Other independent variables. Multivariable analyses included factors known to influence the location of death. The decedents' characteristics included were age (19-64 years, 65-84 years, or 85þ years), sex (male or female), marital status (married or not married), lived alone (yes or no), education (less than high school, high school diploma, or completed postsecondary), private health insurance (yes or no), location of the majority of care (home or not at home), cause of death (cancer or not), and symptom management (well managed or not well managed). The informants' characteristics included were education (less than high school, high school diploma, or completed postsecondary). Private health insurance in Canada covers services outside of physician and hospital services, which are publicly funded through Medicare with no cost at the point of service. Hence, the ability to buy private health insurance indicates a relative affluence of the decedents in our study. The variable, ''symptom management'' is based on the question, ''How well did those taking care of decedent make sure his/her symptoms were controlled to a degree that was acceptable to him/her?'' where 0 means the worst symptom management and 10 means the best symptom management. We used a cutoff point of 10 to create the dichotomous variable, symptoms well managed (10) and not well managed (0-9).
Analysis
First, we described the utilization of formal and informal care at home during the last 30 days of life, by the type of formal care and by the decedent and informant characteristics, using w 2 statistics to indicate statistically significant differences (P < .05). Next, we examined the association between home death and the use of formal care using unadjusted and adjusted, multiple logistic regression models. Finally, focusing on the decedents who received formal care at home, we examined the association between the type of formal care at home and home death using unadjusted and adjusted logistic regression models. In all regression models, we examined interaction terms and, when statistically significant, performed stratified analysis. We used the Hosmer-Lemeshow goodness-of-fit test to examine the model fit and identified a parsimonious model. We used Stata 13 for all analyses. This study was reviewed by Nova Scotia Health Authority (formerly Capital Health) Research Ethics Board.
Results
The majority of the decedents had informal care (14.27%) or formal care (4.32%) or both (66.57%; Table 1 ). Among the decedents who received formal care at home, the use of medical care was more prominent than the use of home support services. The receipt of formal care at home differed significantly with respect to the majority of care, cause of death, and symptom management (Table 2) . A greater proportion of those not receiving formal care did not receive the majority of their care in the home, died due to a noncancer cause, and had symptoms that were not well managed. Compared to those who received medical care only at home, those who received home support at home with or without medical care had a significantly higher proportion of the decedents aged 85þ, not being married, having home as the location of the majority of care during the last 30 days of life, and a noncancer cause of death (P < .05). The use of formal care at home was an important predictor of home death in both unadjusted and adjusted regression analyses (Table 3) . Following adjustments for decedent characteristics and informant education, the use of formal care (odds ratio [OR]: 3.38; 95% confidence intervals [CI]: 1.96-5.85), location of the majority of care (OR: 6.06; 95% CI: 3.51-10.46), and the cause of death (OR: 1.62; 95% CI: 1.09-2.39) remained statistically significant. No interaction term was statistically significant. Among decedents who received formal care, the type of formal care at home was an important predictor of home death in both unadjusted and adjusted regression analyses (Table 4 ). In the adjusted analysis, the effect of the type of formal care on home death was significantly modified by symptom management. Results of the stratified analysis by symptom management indicated the type of formal care received was statistically significantly associated with home death only among those whose symptoms were well managed after accounting for other variables in the model. The decedents who received home support with or without medical care were 2.76 times (95% CI: 1.57-4.87) more likely to die at home than those who received medical care only. Cause of death and the location of the majority of care were statistically significant predictors of home death regardless of symptom management.
Discussion
Using the population-based mortality follow-back study conducted in Nova Scotia in 2010 to 2012, this study identified the vast majority of the decedents who spent at least 1 day at home in the last 30 days of life had informal and/or formal care at home. Furthermore, this study found the use of and the type of formal care at home were associated with home death. The decedents who received formal care at home (care provided by contracted professionals outside of family and friends) were more likely to die at home compared to those who did not. Among the decedents who received formal care at home, those who received home support with or without medical care at home were more likely to die at home if their symptoms were well managed. These results might prompt clinicians to consider increasing their formal home care referral practices. Furthermore, these results can be used to inform future home care policy planning, especially regarding the home support component of home care.
Our finding of the statistically significant association between the use of formal care at home and home death is consistent with findings reported by others in the United States, United Kingdom, and Norway, 5, 6, 8, 15 where individuals at the end of life with services provided at home had a statistically significant association with home death compared to those without services provided in the home. We found that the type of formal care associated with home death was dependent upon whether or not the decedents symptoms were well managed. Although the importance of symptom management is a key finding in this study, it is important to contextualize this study finding. For example, this study was unable to account for whether decedents wished to die at home or how difficult to manage their symptoms. In addition, in Nova Scotia, the cost of home support services is partially passed onto the care recipients, and this study was unable to tease out a potential interaction between symptom management and access to home support. There are at least 4 limitations to this study. First, decedents with clinically well-managed symptoms might have been classified as having not well-managed symptoms because of the use of the high cutoff point of 10 to create the dichotomous variable ''symptoms well managed.'' Our result of the positive association between home death and home support, thus, should be considered as conservative. Second, due to the low number who were at home at least 1 day during the time period and received home support only, we were unable to create a variable category ''home support only.'' The decedents in the mortality follow-back survey, however, were generally representative of Nova Scotian decedents with respect to cause of death, age, and sex. 11 Third, this study relied on the informants' ability to accurately remember events of the past and thus is subject to surrogate response bias and recall bias. For example, it is known that informants are more likely to identify anyone coming to provide care at home as a ''nurse''. 16 Fourth, this study excluded the patients who did not spend more than 1 day at home and did not describe how they differed from the others. Therefore, we cannot know whether services at home would have allowed home death for them.
Conclusion
This study found that the use of and the type of formal care at home were associated with home death in a general decedent population of Nova Scotia. Among those decedents with wellmanaged symptoms, receiving formal home support with or without medical care had a stronger positive association with home death compared to receiving medical care only at home. Thus, it is important to consider delivering formal home support in addition to medical care at home to support home death.
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